
Welcome Hazelnut Growers!

OSU’s North Willamette Research and Extension Center (NWREC) is one of 12 off-campus agricultural research farms in 
the state and the only one serving the research and education needs of farmers in the Willamette Valley.  NWREC is a 
160 acre, fully irrigated, secured facility that is home to 32 permanent research and Extension faculty and staff.  We 
have the largest staff in the state at any of the research centers.  In addition, this summer we have 29 summer students 
(college and high school) that support our faculty and the work done during this time of year.  

Our Work Supports Agriculture! 

NWREC’s research and education program focus on a broad array of crops and production systems important to farmers 
in the Willamette Valley including: nursery and greenhouse crops, berries, Christmas trees, vegetables and specialty 
seeds, tree orchard crops (hazelnuts), field crops, small farm production, and pesticide registration research.  This 
summer we have more than 50 field research and demonstration trials on the farm for annual and perennial crops.  In 
addition, our faculty and staff maintain a variety of research trials in our greenhouses and laboratories. 

NWREC’s faculty and staff annually share their research and knowledge with the agricultural community and public at 
various education programs and events—both at the Research Center and at venues in the valley, around the state, 
nation and world.  In 2017 more than 200 outreach presentations, lectures, classes, workshops, demonstrations, and 
field tours were delivered collectively by NWREC’s faculty and staff.   



NWREC Reaches Out to Community, too 

The North Willamette Research and Extension Center is in a unique location as OSU’s only agricultural research center 
located in the state’s largest metropolitan area.  NWREC sits on the southern edge of Portland’s urban growth 
boundary—having seen the suburban residential areas grow up around us over the past 60 years.  NWREC strives to 
share our work and address issues of interest to the urban and suburban communities in the region, as well as, to local 
legislators and decision makers through a variety of events, activities, and outreach methods including: 

• Down on the Farm newsletter published three times/year showcasing our work and local impacts
• NWREC Website and Social Media outreach
• NWREC Community Open House—third week of July
• NWREC Harvest Dinner—late September (invitation event for supporters, legislators and decision makers)
• Special interest tours (this year examples: Oregon Culinary Institute, OHSU Dietetic Interns, state and federal

legislators, ag labor forum, neighborhood groups, garden clubs, civic groups, senior living facilities)
• Outreach presentations to local civic groups—Rotary, Lions, Chambers

Thank You for the Support! 

NWREC wouldn’t be able to exist without the community’s support.  Clackamas County government had the vision in the 
early 1960s to purchase two 80-acre private farms to create what is now the North Willamette Research Center.  Oregon 
State University was asked to create a research facility to serve the needs of agriculture in the region.  The county 
continues to provide a no-cost lease to OSU to support our work.  All of the infrastructure and operational costs for the 
Center are the responsibility of the university. 

Counties in the Willamette Valley (Clackamas, Marion, Polk, Yamhill, Washington and Columbia) all provide financial 
assistance through their county Extension budgets to help support NWREC’s agricultural programs and operations. 

NWREC’s university faculty are able to garner research and education support—through federal, state, county, 
commodity commission, NGO, private companies and individuals, and foundations—to support the work they do.  This 
past year, NWREC’s faculty obtained over $1,000,000 in grant funds to support their research and education programs. 

Without all of you…there would be no us! 

For more information, contact Mike Bondi, Director, North Willamette Research and Extension Center, at 
michael.bondi@oregonstate.edu or call 503-678-1264.   

mailto:michael.bondi@oregonstate.edu
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Annual	Summer	Tour	of	the	Nut	Growers	Society	of	Oregon,	
Washington	and	British	Columbia	2018	

	
Hazelnut	Production	Research	&	Extension	Program,	North	Willamette	R&E	Center	
• Nik	Wiman,	Extension	Orchard	Specialist	 About:	Our	mission	is	to	support	the	hazelnut	

industry	through	Extension,	research	and	
advocacy.	We	wish	to	thank	the	OHC	and	the	
hazelnut	growers	that	support	us	through	the	
crop	assessment.	Below	is	a	summary	of	the	
projects	you	will	see	represented	at	the	NGS	
tour.	

• Aaron	Heinrich,	Faculty	Research	Assistant	
• Heather	Andrews,	Faculty	Research	
Assistant	

• David	Lowenstein,	Postdoctoral	Research	
Associate	

	
Trunk	guards.	The	objective	of	this	study	is	to	determine	how	trunk	guards	affect	the	
environment	around	the	trunk	of	young	trees,	and	how	this	environment	affects	tree	growth,	
trunk	development	and	hardening	of	the	bark.	Within	the	guards	we	monitor	temperature,	
humidity	and	light	and	we	are	measuring	change	in	trunk	caliper	to	assess	tree	growth.	After	
the	first	growing	season,	we	will	be	removing	guards	at	different	times	(fall,	winter,	spring,	and	
summer)	and	documenting	the	survival	and	growth	of	the	trees	as	well	as	the	physical	
condition	of	the	bark	and	potential	sensitivity	to	herbicide.		We	are	testing	the	following	trunk	
guard	treatments	(bare,	paint,	white	plastic	corrugated,	milk	carton	(paper),	blue	translucent	
plastic,	tan	translucent	plastic,	clear	transparent	plastic,	respectively):	
	

	
It	is	clear	from	preliminary	results	that	translucent	trunk	guards	(regardless	of	color)	can	cause	
some	very	high	temperatures	on	the	trunk	surface	during	hot	weather.	Clearly	this	
“greenhouse”	effect	may	be	beneficial	during	cool	parts	of	the	growing	season,	but	it	may	also	
be	a	liability	during	hot	weather.	Hotter	temperatures	will	have	been	recorded	since	this	data	
was	summarized.	
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Temperatures	on	the	trunks	in	these	guards	can	exceed	125°F	in	late	afternoon	when	air	

temperatures	are	in	the	90s,	while	bare	and	painted	trees	are	typically	20+	degrees	cooler.	
Surprisingly,	the	clear	transparent	guards	that	we	tested	did	not	cause	significantly	more	heat	
than	translucent	tan	or	blue	guards,	but	they	are	equipped	with	ventilation	holes	suggesting	
that	increased	ventilation	of	the	different	guard	types	can	mitigate	heat	should	the	high	
temperature	prove	detrimental	to	the	trees.	Another	surprise	was	that	whitewashed	trees	had	
higher	temperatures	than	bare	bark.	This	could	potentially	be	related	to	reduced	transpiration	
cooling	of	the	trunk	of	the	tree.	Woody	tissue	on	tree	trunks	contains	lenticels,	which	are	pores	
used	for	gas	exchange.	Paint	on	trunks	likely	plugs	lenticels	and	reduces	the	cooling	effect.			
	
	 The	highest	temperatures	and	the	greatest	differences	between	treatments	occur	
during	the	late	afternoon	and	correspond	with	the	highest	air	temperatures.	The	trunks	can	get	
cooler	than	air	at	night.	So	how	hot	is	too	hot?	We	don’t	really	know	yet,	but	a	study	in	Italy	
found	that	1-year-old	hazelnut	suckers	had	substantial	mortality	when	they	were	treated	with	
water	hotter	than	46°C	(114.8°F).	The	authors	of	that	study	were	trying	to	disinfect	bare	root	
hazelnuts	from	bacterial	blight.	At	50°C	(122°F)	only	7%	of	‘Tonda	Gentile	Romana’	survived	
while	93%	of	‘Tonda	di	Giffoni’	survived	suggesting	that	there	may	be	big	differences	in	heat	
tolerance	of	different	cultivars	(Pisetta	et	al.	2016).	
	

*** *** ***
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Irrigation	research.	The	goal	of	this	project	is	to	improve	understanding	of	water	use	by	
hazelnut	trees	to	provide	industry	irrigation	recommendations	that	maximize	growth,	
production,	and	provide	the	most	efficient	use	of	water.	In	2016	and	2017	we	measured	
significant	differences	in	growth	of	trees	that	were	subject	to	different	irrigation	rates	and	
irrigation	delivery	systems.		Results	from	this	study	indicate	a	need	to	utilize	both	
evapotranspiration	(ET)	data	as	well	as	real-time	soil	moisture	monitoring	to	optimize	irrigation	
scheduling	and	duration.		
	

While	it	is	preferable	to	use	crop	coefficients	with	reference	ET	to	more	precisely	
determine	the	amount	of	water	lost	by	the	crop	itself,	we	feel	that	the	existing	crop	coefficients	
for	hazelnuts	are	not	reliable	(See	OSU	EM8530	“Oregon	Crop	Water	Use	and	Irrigation	
Requirements	(archival)”	and	Mingeau	and	Rousseau	(1994)	“Water	use	of	hazelnut	trees	as	
measured	with	lysimeters”.			We	believe	that	hazelnut	growers	will	ultimately	rely	on	precision	
technology	to	irrigate	their	orchards,	which	will	consist	of	fully	automated	systems	where	in-
field	sensors	monitor	the	environment	and	water	demand	by	the	trees	and	provide	feedback	to	
irrigation	controllers	that	automatically	respond	with	the	precise	level	of	irrigation	needed.	
Currently,	irrigation	of	orchards	is	often	based	on	best	guesses	and	rules	of	thumb.	The	
problem	with	this	approach	is	that	is	water	demand	varies	quite	a	bit	between	seasons	as	the	
plot	of	reference	ET	shows.	Furthermore,	the	water	holding	capacity	is	vastly	different	between	
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soil	types.	This	illustrates	the	importance	of	paying	attention	to	ET	and/or	monitoring	soil	
moisture	in	your	orchards,	particularly	at	the	depths	most	relevant	to	your	trees.	
	

	
We	have	three	plots	where	we	
are	studying	different	forms	of	
irrigation.	We	have	our	1)	drip,	
2)	full-coverage	(Nelson	
Rotators)	and	irrigation	plots	
(third	leaf	‘Jefferson’)	and	3)	our	
newest	plot,	which	was	just	
established	is	designed	to	
compare	microsprinklers,	drip,	
and	subsurface	drip	irrigation	
(SDI).	All	irrigation	plots	are	
under	control	of	a	Baseline	3200	
controller.	In	our	full	coverage	
and	drip	plots	we	are	applying	
irrigation	at	three	different	
percentages	of	the	total	ET	from	
the	previous	week.		Our	high	
and	medium	rates	represent	
surplus	rates	and	the	low	rate	

represents	a	deficit	rate	(50%	of	ET).	In	2017	we	found	our	full	coverage	irrigation	was	most	
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conducive	to	tree	growth,	but	there	was	no	difference	between	the	medium	(200%	ET)	and	
high	rates	(400%	ET)	suggesting	the	optimal	rate	is	lower.	However,	drip	irrigated	growth	
response	was	not	limited	by	the	high	rates,	suggesting	that	much	of	the	water	passing	the	roots	
and	was	not	getting	taken	up.	In	response	we	have	moved	to	increase	frequency	of	water	
application	instead	of	volume,	and	have	backed	off	on	the	drip	and	full	coverage	applications.	
Modern	irrigation	controllers	offer	the	option	to	pulse	irrigation	sets	or	to	program	split	sets	
and	this	is	critical	for	targeting	irrigation	to	the	root	zone	of	small	trees.	
	

	
	

We	are	utilizing	the	following	soil	moisture	sensors	and	water	tension	sensors	at	depths	
up	to	four	feet:	Irrometers	(soil	water	tension),	Watermarks	(soil	water	tension),	Teros	12	with	
EM60G	logger	for	data	sent	to	cloud	(volumetric	water	content),	Baseline	BiSensor	(Volumetric	
water	content),	and	John	Deere	Field	Connect	moisture	sensor	on	Metos	cloud-enabled	
weather	station.	These	allow	us	to	determine	how	the	soil	profile	is	drying	at	different	depths,	
and	to	assess	how	our	irrigations	sets	are	affecting	soil	moisture.	The	plots	below	show	Teros	
12	sensors	at	3	depths	in	two	of	the	plots.	By	examining	soil	moisture	during	winter	months	one	
can	get	a	concept	of	typical	readings	from	saturated	soil.		Starting	in	mid-April,	soil	started	
drying	down	rapidly	at	12”,	and	in	the	drip	plots	the	irrigation	sets	beginning	in	early	June	are	
evident	at	the	12”	depth.	Drip	irrigation	sets	were	typically	5-7	hours/week.	At	the	high	drip	
rate	the	weekly	irrigation	sets	were	able	to	maintain	an	average	soil	moisture	of	approximately	
0.30	(m3/m3)	and	decreased	the	rate	of	dry-down	at	the	24”	and	36”	depth.	However	the	low	
rate	of	drip	was	unable	to	overcome	the	moisture	deficit	in	the	soil	profile	and	soil	moisture	
continued	to	decline	rapidly	at	all	depths.	By	contrast,	the	full	coverage	sets,	which	were	
typically	20+	hours/week,	were	able	to	maintain	a	much	higher	soil	moisture	at	all	depths.	
Water	hitting	the	canopy	would	drip	off	of	the	leaves	causing	a	higher	concentration	of	water	at	
the	tree	itself	compared	to	the	alley.	We	found	much	higher	concentration	of	N	in	leaves	on	the	
trees	in	the	full	coverage	plot.	We	are	currently	testing	water	as	a	potential	source	of	nitrate,	
but	we	also	think	that	the	ample	soil	moisture	in	the	plot	allowed	increased	nutrient	uptake.	
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For	2018	and	beyond,	we	are	studying	the	effect	of	
irrigation	treatments	on	yield,	nut	quality,	and	tree	
growth	and	structure.	Some	destructive	sampling	will	
occur	to	examine	root	response	to	different	irrigation	
treatments.	Full	annual	reports	on	irrigation	research	
can	be	requested	from	the	Industry	Office.	
	
Hazelnuts	on	Berms.	Planting	on	berms	is	
common	practice	for	California	orchard	crops	yet	
there	is	little	published	research	on	berms.	Potential	
benefits	include:	
	

• Ability	to	incorporate	pre-plant	materials	
around	tree	roots	at	planting	

• Increased	root	respiration	and	bringing	the	
roots	up	out	of	waterlogged	soil	

• Faster	growth	in	spring	due	to	elevated	soil	
temperatures	 (Above)	Caliper	increase	of	bare	root	

trees	in	berm	plot	over	first	leaf.	
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• Increased	access	to	roots	for	irrigation	and	fertigation	
	

Our	goal	is	to	document	tree	growth	on	and	off	of	berms	along	with	differences	in	soil	
temperature	and	moisture.		Our	plot	compares	berms	made	with	two	or	four	passes	with	the	
berm	machine,	to	trees	planted	on	flat	ground	and	incorporates	McDonald,	Yamhill,	and	
Jefferson	trees.	Soil	moisture	sensors	placed	at	12	inches	(sawdust	mulch	only)	showed	that	the	
berms	dried	down	faster	after	an	irrigation	and	were	overall	slightly	drier	than	Flat.	Soil	
moisture	sensors	placed	at	24	inches	showed	that	the	High	berm	dried	down	more	between	
irrigations	relative	to	the	other	treatments.	Despite	differences	in	surface	soil	moisture,	there	
were	no	significant	differences	in	tree	growth	in	the	first	year	(as	measured	by	increases	in	
trunk	diameter	and	canopy	height)	among	the	berm	treatments,	but	there	appeared	to	be	a	
numeric	response	with	slightly	better	growth	of	trees	on	berms	compared	to	flat	ground.	In	
2018,	preliminary	data	is	showing	that	trees	in	the	berms	are	more	water	stressed	than	trees	
that	are	flat	planted	(based	on	stem	water	potential	measurements).	Thus	we	feel	that	good	
irrigation	management	is	critical	for	trees	planted	on	berms.	Our	plot	is	on	Willamette	soil,	
which	is	deep	and	well-drained,	and	we	largely	see	berms	as	a	tactic	for	wetter/poorer	ground.	
	
	

	
Left:	Orchard	berming	implement.	Conditions	were	a	bit	on	the	dry	and	dusty	side.	Flat	planted	trees	
underwater	(left)	and	trees	on	berms	above	the	water	(right).	
	
Mulch	and	fertilizer	considerations	for	bare-root	trees.	Mulching	trees	is	a	cultural	
practice	that	has	a	number	of	proven	benefits.	When	establishing	hazelnut	orchards,	most	
growers	mulch	their	bare	root	trees	for	increased	soil	moisture	retention.	Those	using	
composts	and	manures	are	also	adding	nutrients	that	may	be	utilized	in	both	the	short-	and	
long-term.	Historically,	OSU	has	not	recommended	nitrogen	(N)	addition	for	bare	root	trees	
until	after	two	growing	seasons.	The	justification	for	withholding	N	to	trees	less	than	two	years	
old	has	been:	1)	to	prevent	excessive	top	growth	at	the	expense	of	root	growth	that	may	make	
the	tree	top-heavy	and	susceptible	to	blowing	over	in	strong	winds,	and	2)	to	prevent	injury	or	
death	of	newly	planted	bare	root	trees	from	excessive	fertilizer.	However,	most	growers	now	
routinely	apply	N	(and	other	fertilizers)	to	newly	planted	trees.	In	2017,	trees	received	one	of	
the	following	mulch	treatments:	1)	None,	2)	Sawdust,	3)	Sawdust	+	fertilizer,	and	4)	Compost	(5	
gallons	each),	and	were	drip	irrigated	during	the	growing	season.	
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Results.	Trees	that	received	both	sawdust	and	fertilizer	were	visually	more	vigorous	and	darker	
green	in	color,	which	resulted	in	a	significant	increase	in	tree	growth	(Fig.	1)	and	N	leaf	tissue	
concentration	(data	not	shown).	The	fertilizer	prevents	N	immobilization	during	the	
decomposition	of	the	low	nitrogen,	carbon	rich	sawdust.	The	compost	used	was	50%	manure	
based	and	resulted	in	fertilizer/salt	burn,	potentially	reducing	growth.	
	

• For	newly	planted	trees,	use	a	
controlled/slow	release	N	
product.	This	will	reduce	risk	of	
fertilizer	“burn”	and	will	prevent	
N	loss	from	heavy	spring	rains.	

• Unless	applying	animal	manure	
compost	in	the	winter	when	
sufficient	rain	can	dilute	and	
flush	out	salts,	avoid	them	and	
use	a	yardwaste	compost	
instead.	

• When	using	sawdust,	additional	
N	is	necessary	to	prevent	N	
immobilization	during	the	
decomposition	of	the	high	C:N	
material.	

• Based	on	observations	from	
multiple	field	sites,	fertilizers	with	
sulfur	(i.e.,	ammonium	sulfate,	
sulfate	of	potash-magnesia)	are	
recommended		

	
Nutrient	deficiency	symptoms.	We	have	been	working	to	create	
a	nutrient	deficiency	symptom	photo	library	that	also	gives	the	
concentration	at	which	the	deficiency	occurs.	We	are	hoping	to	have	a	
publication	completed	this	winter.	Typically,	symptoms	only	occur	
when	a	nutrient	is	severely	deficient,	which	is	why	trees	should	be	
routinely	sampled	to	identify	a	deficiency	before	symptoms	appear.	
Where	a	deficiency	occurs	depends	on	the	mobility	of	a	nutrient	in	the	
plant.	For	example,	deficiency	symptoms	for	a	mobile	nutrient	will	
typically	first	appear	in	older	leaves.	The	opposite	is	true	for	immobile	
nutrients,	which	cannot	be	reallocated	to	newer	growth.	Some	
examples	of	deficiencies	are	given	below.	

	

Mobility	of	nutrients	
in	the	plant	

Mobile	 Immobile	
N	 S	
P	 Ca	
K	 B	
Mg	 Zn	
		 Cu	
		 Fe	

Fig.	1	Growth	in	one	season	(trunk	caliper)	of	hazelnut	trees	
receiving	different	mulch	and	fertilizer	treatments.		Prior	to	
sawdust	addition,	2	oz	fertilizer	(27-6-6	containing	polymer	
coated	urea)	was	applied	for	the	Sawdust	+	Fertilizer	treatment.	
Notches	on	boxplot	that	do	not	overlap	indicate	a	significant	
difference	in	tree	growth.			
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• Do	not	rely	solely	on	
visual	symptoms	to	make	
a	diagnosis.	Send	a	sample	
off	to	the	lab	for	nutrient	
analysis	to	verify		

• Several	nutrients	have	
similar	deficiency	
symptoms	(interveinal	
chlorosis)	

• When	collecting	a	sample	
to	send	off	for	analysis,	
always	collect	a	sample	
from	a	healthy	tree	
without	symptoms	for	
comparison.	Collect	the	
healthy	leaf	from	the	same	leaf	location	as	the	deficient	leaf.	

• Based	on	limited	observation,	the	nutrients	that	are	most	likely	to	show	deficiency	
symptoms	on	young	trees	are	nitrogen,	sulfur,	and	magnesium.		

	
IPM	Update.	Pacific	
flatheaded	borer	has	been	an	
issue	in	new	plantings,	where	
the	borer	attacks	the	young	
trees	at	the	basal	trunk	and	
can	girdle	or	severely	weaken	
trees.	Borer	attack	is	best	
prevented	with	cultural	
methods,	by	protecting	trees	
from	sunburn	and	drought	
stress.	However,	it	can	be	
difficult	or	unrealistic	to	
prevent	borer	attack	on	some	
sites.	Because	we	lack	
information	about	the	borer	
we	are	on	the	second	year	of	a	

study	to	improve	understanding	of	the	biology	and	management	of	the	borer.	This	problem	is	
likely	to	persist	and	may	be	particularly	severe	following	drought	years.	Borer	pressure	can	
come	from	natural	areas	as	there	are	many	hosts	utilized.	In	the	two	years	of	our	study	there	
has	been	consistency	in	the	timing	of	borer	emergence	from	the	first	week	in	June	to	the	last	
week	in	July.		This	eight-week	period,	is	roughly	the	time	when	trees	are	susceptible	to	attack	
by	borer.	We	have	also	learned	the	importance	of	sanitation	in	infested	orchards.	Some	borers	
do	not	emerge	after	one	year,	but	instead	remain	in	the	wood	to	emerge	the	following	season.	

Zinc	deficiency	(immobile	nutrient)	on	new	leaves	(left)	and	K	
deficiency	(mobile	nutrient)	on	older	leaves	with	a	healthy	
leaf	on	top	for	comparison	(right).		
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	 Brown	marmorated	stink	bug	(BMSB)	is	an	
increasing	problem	on	Oregon	hazelnuts	and	is	now	a	
devastating	hazelnut	pest	in	Italy	and	Republic	of	
Georgia.	Adults	and	mature	nymphs	feed	through	
shells	to	damage	kernels.	We	are	currently	working	to	
develop	trap	thresholds	for	hazelnuts	so	that	
management	could	be	based	on	trap	captures.	

	
	We	are	fortunate	in	Oregon	to	have	access	

to	Trissolcus	japonicus,	or	Samurai	wasp,	which	was	
first	detected	from	Portland	in	2016.	The	wasp	
attacks	the	eggs	of	the	stink	bug.	Since	the	wasp	was	
detected	we	have	done	some	redistributions	around	
the	Valley.		We	feel	that	the	wasp	will	help	us	
tremendously	in	controlling	the	wasp.	Biological	
control	is	the	only	management	tactic	that	will	cover	
urban,	natural	and	agricultural	areas.		We	are	also	
studying	how	the	wasp	is	affected	by	pest	
management	in	hazelnuts,	and	how	far	the	wasp	will	
forage	into	orchards	from	bordering	natural	areas.	
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North Willamette Research and Extension Center Hazelnut Field Day 

INTELLIGENT SPRAYER TECHNOLOGY FOR ORCHARD SYSTEMS 
A laser senses plant variability real-time and adjusts spray output to increase 
application efficiency with similar pest control to traditional sprayers 

Brent Warneke, Robin Rosetta, Jay Pscheidt, Lloyd Nackley 

INTELLIGENT SPRAYER TECHNOLOGY 

SENSES PLANT VARIABILITY IN REAL TIME  

• Application volume is adjusted depending on the 

density of foliage the laser sensor detects, by 

pulsing nozzles on and off more or less frequently. 

 

• Intelligent sprayer components can be retrofitted 

onto existing equipment, such as standard air-blast 

and orchard tower sprayers 

B 

C 

A 

D 

AIR BLAST INTELLIGENT SPRAYER 

RETROFIT 

A: A 50 gallon Rears axial air-blast sprayer was 

fitted with nozzle (C) and laser (B) components 

that are a connected to an on-board computer.  

B: Laser sensor mounted in front of the sprayer 

relays plant characteristics such as size, shape, 

and foliage density, to the computer in real time.  

C: Individual nozzles are fitted with electronic 

solenoid valves which pulse on and off numerous 

times per second, according to what the laser 

sensor sees. Nozzle pulsing controls spray 

volume. 

D: An on-board computer with a touch screen 

interface allows the applicator to control laser 

sensing and modify various spray characteristics. 
 

INTELLIGENT SPRAYER TECHNOLOGY IS 

EFFECTIVE 

• Intelligent sprayers can reduce average 

pesticide use by 47 – 70% in nurseries 
 

• Reductions in pesticide use can result in 

savings of $140 to $280 per acre in nurseries 

• Current research projects in Oregon on grape 

powdery mildew control and spray coverage 

comparison in a double-planted Oak nursery 

DATA FROM ZHU ET AL. 2015, Intelligent Sprayer 

Development for Nursery and Orchard Spray Applications 

PHOTOS BY BRENT WARNEKE 

BRENT WARNEKE 

@NackleyLab 

@PNWNurseryIPM 

STAY IN TOUCH FOR 

RESEARCH UPDATES OR 

QUESTIONS Lloyd.Nackley@OregonState.edu 
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